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ABSTRACT 



Disclosed is a medical catheter comprising a guidewire shaft 
defining a guidewire lumen. A distal tip extension defines a 
distal tip extension lumen having at a proximal end thereof 
a distal end of the guidewire shaft sealingly affixed therein. 
The inflatable balloon has a body portion, a tail portion and 
a cone shaped portion. The cone-shaped portion extends 
between the distal end of the body portion and the proximal 
end of the tail portion. The balloon tail portion is sealingly 
affixed to the distal tip extension such that the proximal end 
of the distal tip extension extends proximally from the 
proximal end of the balloon tail portion, the distal end of the 
distal tip extension extends distally from the distal end of the 
balloon tail and the distal end of the guidewire shaft is in 
alignment with the proximal end of the balloon tail portion. 

22 Claims, 2 Drawing Sheets 
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CATHETER DISTAL TIP COMPONENT a relatively stiff proximal segment and a relatively flexible 

FIELD OF THE INVENTION d j S,al lhat is *?f a *' 5 and ""f 

along a guidewirc. While the distal segment itself may be 

The present invention relates to angioplasty catheters, and very flexible, it is too long and flexible to achieve pushabil- 

more particularly, to a balloon catheter distal tip component 5 { t y sufficient enough to push through a blockage in the artery 

which has high trackability and a low profile for use with or stenosis. 

any balloon materials including a semi compliant or a stiff v s Pat No 4^921,483 to Wijay et al. for an "Angio- 

high pressure balloon material. plast y Catheter » discloses a separate tip component wherein 

BACKGROUND OF THE INVENTION "[it] is an object of the invention use material such as nylon, 

One of the therapeutic procedures applicable to the 10 P°lyvinylchloride and polyurethane". 

present invention is known as percutaneous transluminal Commonly owned, copending patent application Ser. No. 

coronary angioplasty (PTCA). This procedure can be used, 08/312,359 to Schwab (formerly Ma) for "Catheter Flexible 

for example, to reduce arterial build-up of cholesterol fats or D^al Tip" discloses a tip formed from the distal end of the 

atherosclerotic plaque. Typically a first guidewire of about jg balloon material distally extending beyond the guidewire 

0.038 inches in diameter is steered through the vascular lumen. 

system to the site of therapy. A guiding catheter, for Commonly owned, copending patent application Ser. No. 
example, can then be advanced over the first guidewire to a 08/572,908 to Fugoso et al. for "High Pressure Balloon Tip" 
point just proximal of the stenosis. The first guidewire is discloses a guidewire shaft extending distal to the distal end 
then removed. A balloon catheter on a smaller 0.014 inch of the balloon with a guidewire shaft step down area 
diameter second guidewire is advanced within the guiding 20 beginning just proximal to the distal end of the balloon, 
catheter to a point just proximal of the stenosis. The second Adhesive begins proximal to the distal end of the balloon 
guidewire is advanced into the stenosis, followed by the and fills between the inner diameter of the balloon and the 
balloon on the distal end of the catheter. The balloon is outer diameter of the guidewire shaft tapering down to the 
inflated causing the site of the stenosis to widen. The original ^ outer diameter of the guidewire shaft, 
catheter can then be withdrawn and a catheter of a different Catheter balloons are designed for different purposes and 
size or another device such as an atherectomy device can be formed from different materials and processes. Some mate- 
inserted, rials are not optimal for balloon tips. An example is the 

A biocompatible metal stent props open blocked coronary polyethylene terephthalate (PET) balloon material typically 

arteries, keeping them from reclosing after balloon angio- 3Q used for high pressure balloons. This material results in a 

plasty. A balloon of appropriate size and pressure is first used stiff, therefore low trackability, tip which resists rewrapping. 

to open the lesion. The process is repeated with a stent What is needed is a catheter balloon which can withstand 

crimped on a high pressure balloon. The stent is deployed internal pressure of at least 325 psi without leaking or 

when the balloon is inflated. rupturing, which has a tip which is flexible, has high 

Conventional angioplasty balloons fall into high, 35 trackability, and has a low profile regardless of the material 

medium, and low pressure ranges. Low pressure balloons the balloon is made of. 

are those that have burst pressures below 6 atmospheres SUMMARY OF THE INVENTION 

(6.1x10 s Pascals). Medium pressure balloons are those that ■-< ■» ^ 

have burst pressures between 6 and 12 atm (6.1x10 s and The above features and advantages of the present 

1.2xl0 6 Pa). High pressure balloons are those that have 40 invention, as well as others, are accomplished by providing 

burst pressures above 12 atm (1.2xl0 e Pa). Burst pressure is a medical catheter comprising a guidewire shaft defining a 

determined by such factors as material selection, wall thick- guidewire lumen and a distal tip extension defining a distal 

ness and tensile strength, for example. tip extension lumen having at a proximal end thereof a distal 

High pressure balloons are desirable because they have end of the guidewire shaft sealingly affixed therein. The 

the ability to exert more force and crack hard lesions. High 45 inflatable balloon has a body portion, a tail portion and a 

pressure balloons are also useful in stent deployment. cone shaped portion. The cone-shaped portion extends 

because the stent must be forced against the artery's interior between the distal end of the body portion and the proximal 

wall so that it will fully expand thereby precluding the ends end of the tail portion. The balloon tail portion is sealingly 

of the stent from hanging down into the channel encouraging affixed to the distal tip extension such that the proximal end 

the formation of thrombus. The disadvantage of high pres- 50 of the distal tip extension extends proximally from the 

sure balloon materials such as PET and PET blends are that proximal end of the balloon tail portion, the distal end of the 

they are stiff and deflate flat with little or no rewrap which distal tip extension extends distally from the distal end of the 

can result in winging and stent dislodgment when the balloon tail and the distal end of the guidewire shaft is in 

balloon is withdrawn from the stent. High pressure balloon alignment with the proximal end of the balloon tail portion, 

materials tend to be noncompliant materials. Noncompliant 55 BRIEF DESCRIPTION OF THE DRAWINGS 
balloon materials grow on a flat curve to a fixed point and 

do not grow beyond that point. FIG. 1 is a longitudinal cross section of the distal tip of the 

Semicompliant balloon materials are those which fall into balloon of the present invention; 

the medium pressure ranges and also into the low end of the FIG. 2 is a longitudinal cross-section of the balloon sub 

high pressure ranges. Examples are Nylon and Nylon eo assembly; and 

blends. Semicompliant balloon materials have a controlled FIG. 3 is a longitudinal cross-section of the tip sub 

growth between a specified range of pressures. Semicom- assembly. 

pliant materials are also more supple with greater flexibility nPsmrPTlON OF THF 

"St^^r lesion crossin8 ability ' better rewrap « ^sss^si^ 

U.S. Pat. No. 4,739,768 to Engelson for "Catheter for The present invention is designed to give the advantages 

Guidewire Tracking" discloses a drug delivery catheter with of a high performance, flexible, high trackability, low profile 
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tip for balloon catheters regardless of the balloon material proximally for a length of approximately 0.5 mm to 1.5 mm 
used. This is made possible by having a separate flexible, for ease of insertion of the distal tip extension 30 into the 
low profile tip component 10 which can be attached to a balloon inflation lumen 25 and also to reduce the profile and 
balloon of any material. The flexibility of the separate up avoid an abrupt transition. Other methods which could be 
compensates for the stiffness of the balloon material. The 5 used to achieve the taper include radio frequency (RF) 
separate tip component 10 could be optimized for flexibility welding or compressive heat bonding where the tip may 
or for profile by material selection, configuration, dimen- simultaneously be molded into the final or nearly final shape, 
sions or length. The balloon 35 material could be indepen- The distal tip extension 30 is preferably made from 
dently optimized for characteristics such as pressure, semi-crystalline materials such as LDPE although any semi- 
compliance, perfusion etc. By attaching the separate tip 1Q crystalline or elastomeric material could be used. An advan- 
component 10 made of a flexible material such as LDPE to tage of applicant's tip design is that relatively stiff balloon 
a balloon 35 made of stiff material such as PET, the leading 35 materials (such as PET, PET blends, Nylon or Nylon 
edge of the catheter will still be flexible enough to negotiate blends) can be selected without foregoing flexibility because 
tortuous paths and enter tight lesions. Once the tip has the balloon 35 material stiffness is offset by the high 
entered the lesion or navigated through the curve, the 15 flexibility of the material used in the distal tip extension 30. 
pushability of the catheter will result in the balloon 35 Assemble the tip 5 as follows. Begin with a 0.0165 inch 
following the tip component 10 into the lesion or around the mandrel within the guidewire shaft lumen 65. Select an 
curve. The present invention provides a catheter balloon tip LDPE distal tip extension 30 tube having an average wall 
that can reliably withstand internal pressures of at least 325 thickness of between approximately 0.006 inches to 0.008 
psi without leaking or rupturing and which is relatively easy, ^ inches and more preferably 0.0075 inches. This recom- 
consistent and reliable to manufacture. mended distal tip extension 30 wall thickness is important to 

FIG. 1 is a longitudinal cross-sectional view of a high achieving the required flexibility when using a combination 

pressure balloon catheter tip 5 adapted for use in percuta- such as, LDPE for the distal tip extension 30 and a stiffer 

neous transluminal coronary angioplasty (PTCA). The bal- balloon 35 material such as PET or nylon. Expand the distal 

loon subassembly 15 is seen in FIG. 2. The balloon 35 can 25 tip extension 30 tube sufficiently by conventional means so 

be made of any material suitable for any pressure; this that the guidewire shaft 70 can fit into the distal tip extension 

includes high pressure balloons which are made from mate- lumen 60. Insert the distal end of the guidewire shaft 70 and 

rials such as PET or PET blends, medium pressure balloons mandrel into the proximal end of the distal tip extension 

which are made from materials such as Nylon or Nylon lumen 60. The overlapping area of the guidewire shaft 70 

blends, and low pressure balloons which are made from 30 distal end and the distal tip extension 30 proximal end 

materials such as Linear Density Polyethylene (LDPE). Any should be approximately 1.0 mm to 3.0 mm. Heat bond the 

suitable balloon 35 material, however, could be used from overlapping area of the guidewire shaft 70 and the distal tip 

the elastomeric family, from the semi-crystalline family or extension 30 together to form the tip component 10. Heat 

from multiple material, coextruded, multilayered materials. bonding assumes that the materials are melt compatible. If 

The balloon 35 distal tail 50 is trimmed to between about 35 the materials are not melt compatible an adhesive or other 

1.5 mm to 2.5 mm and should define a lumen inner diameter bonding method such as laser bonding may be used. Heat 

of approximately 0.020-0.028 inches. For 3.0 mm diameter shrink the distal portion of the distal tip extension 30 

balloons of 20 mm in length, a distal tail 50 inner diameter extending beyond the distal end of the guidewire shaft 70 

of0.025-O.028 inches is preferred. The stiffer the balloon 35 down to the mandrel to reduce the outer diameter of the 

material, the shorter the distal tail 50 should be. For a blend 40 distal end of the distal tip extension 30 for that portion of the 

of PET and 10% Ethylene-vinyl acetate copolymer (EVA) a distal tip extension 30 which will lie beneath the balloon 

distal tail 50 length of 2.5 mm is preferable. This distal tail distal tail 50. 

50 length is also preferable for a blend such as Nylon 11 and Insert the proximal end of the tip component 10 into the 

5% Surly n. The balloon 35 can be formed into any shape distal end of the balloon inflation lumen 25. The distal end 

such as, spiral, double, perfusion or any conventional shape 45 of the guidewire shaft 70 should align with the balloon distal 

etc. neck 45. The purpose of this alignment is to reduce the 

The tip component 10 subassembly is seen in FIG. 3. The profile of the balloon distal tail 50 which then has but one 

same tip component 10 can be used for all balloon 35 sizes. layer within the distal tip extension 30 under the distal tail 

The tip component 10 subassembly is comprised of a 50 as opposed to two layers including the distal tip extension 

guidewire shaft 70 and a distal tip extension 30. The 50 30 as well as the guidewire shaft 70. Although aligning the 

guidewire shaft 70 is made from High Density Polyethylene distal end of the guidewire shaft 70 (which is within the 

(HDPE) tubing although other materials of similar durom- distal tip extension 30) with the proximal end of the distal 

eter and flexibility may also be used. The guidewire shaft 70 tail 50 is the preferred embodiment, the guidewire shaft 70 

typically has dimensions suitable for a standard 0.014 inch distal end could also be aligned proximal to or distal to the 

guidewire such as, for example, a 0.017 inch inner diameter, 55 proximal end of the distal tail 50. 

a 0.023 inch outer diameter and approximately 150 cm in The distal end of the distal tip extension 30 extends out of 

length. the distal end of the balloon 35 and the proximal end of the 

The distal 2.0-3.5 mm of the distal tip extension 30 is guidewire shaft 70 extends out of the proximal end of the 

shaved to form the distal shave 75. This tapers down distally balloon 35. The length of the overlap of the guidewire shaft 

to an outer diameter of approximately 0.017 to 0.021 inches, 60 70 and the distal tip extension 30 is a function of the 
or the inner diameter of the guidewire lumen. The length of materials used in the guidewire shaft 70, distal tip extension 

the shaved area is a function of the thickness of the tubing and balloon 35. When using a blend of Nylon 11 and 5% 

wall. Thinner wall thicknesses require a shorter shave to Surlyn for the balloon 35 material, the overlap of the distal 

avoid kinking. The distal shave 75 portion begins approxi- end of the guidewire shaft 70 and the proximal end of the 

mately 1 .0 mm to 1.5 mm distal to the adhesive fillet 20. The 65 distal tip extension 30 should be about 2 mm. The longer this 

proximal end of the distal tip extension 30 is shaved to form overlap, the greater the reinforcement to the bond and thus 

the proximal shave 55. The proximal shave 55 tapers down the greater the reliability and strength of the bond. The 
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bonded area between the distal tip extension 30 and the 
guidewire shaft 70 could be extended to mid balloon 35 and 
beyond. Bond the proximal end of the balloon 35 to the 
guidewire shaft 70 using any conventional means. 

The proximal end of the distal tip extension 30 could also 5 
be butt bonded to the distal end of the guidewire shaft 70. 
The advantage of a butt bond compared to an overlapping 
joint are that of more flexibility and also of a smaller profile. 
The butt bond could also be encapsulated with a band of 
adhesive for reinforcement. The two materials butt bonded 1Q 
together must be melt compatible or a third tie layer must be 
used. 

Adhesively bond 40 the overlapping area between the 
balloon distal tail 50 and the of the distal tip extension 30. 
The length of bond 40 may be varied based on the required 15 
reliability. Generally the longer the bond 40, the stronger the 
bond will be. Bond 40 may be as short at 0.5 mm and may 
extend to the balloon distal neck 45. A bond 40 length of 2.0 
mm is preferable given a PET/10% EVA balloon and a 
LDPE distal tip extension 30. This bond 40 length is also 2Q 
suitable for blends such as Nylon 11 and 5% Surlyn. Typical 
bond 40 lengths will range between 1.5 mm and 2.5 mm. A 
shorter bond may not be suitable for higher pressures and a 
longer bond may be unnecessary. A preferred adhesive can 
be used such as a two part polyurethane available from HB 25 
Fuller of St. Paul, Minn, (part number UR 0531A/B). Other 
adhesives which could be used include cyanoacrylates such 
as Loctite® 4061 manufactured by Loctite Corp. in Hartford 
Conn., as well as ultraviolet cured adhesives or epoxies. 

The tip component is finished by adding a distal bond 30 
adhesive fillet 20 of approximately 0.5 mm to 1.0 mm in 
length. The purpose of the fillet 20 is to eliminate the abrupt 
transition due to the difference in outer diameter and the 
difference in material flexibility between the balloon distal 
tail 50 and the distal tip extension 30. An adhesive can be 35 
used such as a urethane adhesive available from HB Fuller 
of St. Paul, Minn, (part number UR 0531A/B). Other 
bonding methods may be used in addition to heat or 
adhesives, including laser and RF welding. 

The preceding specific embodiments are illustrative of the 40 
practice of the invention. It is to be understood, however, 
that other expedients known to those skilled in the art or 
disclosed herein, may be employed without departing from 
the appended claims. 

No. Component 45 

5 Balloon Catheter Tip 

10 Tip Component 

15 Balloon subassembly 

20 Distal Bond Adhesive Fillet 

25 Inflation Lumen 50 

30 Distal Tip Extension 

35 Balloon 

40 Adhesive Bond 

45 Balloon Distal Neck 

50 Balloon Distal Tail 55 

55 Proximal Shave 

60 Distal Tip Extension Lumen 

65 Guidewire Lumen 

70 Guidewire Shaft 

75 Distal Shave 60 

What is claimed is: 

1. A medical catheter comprising: 

a guidewire shaft having a proximal end and a distal end, 
the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 65 

a distal tip extension having a proximal end, a distal end 
and an intermediate portion, the intermediate portion 
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located between the proximal end and the distal end of 
the distal tip extension, the distal tip extension defining 
a distal tip extension lumen sized to accommodate a 
guidewire; 

the distal tip extension having at the proximal end thereof, 
the distal end of the guidewire shaft sealingly affixed 
therein; 

an inflatable balloon comprising: 
a body portion having a proximal end and a distal end; 
a tail portion having a proximal end, a distal end; and 
a cone shaped portion, the cone shaped portion extend- 
ing between the distal end of the body portion and 
the proximal end of the tail portion, the tail portion 
. being sealingly affixed to the distal tip extension 
such that the proximal end of the distal tip extension 
extends proximally from the proximal end of the tail 
portion; 

the distal end of the distal tip extension extends distally 
from the distal end of the tail portion; 

the distal tip extension includes a tapered portion located 
between the intermediate portion of the distal tip exten- 
sion and the distal end of the distal tip extension; and 

wherein the tail portion is sealingly affixed at the tapered 
portion of the distal tip extension. 

2. The medical catheter of claim i wherein the proximal 
end of the distal tip extension extends proximally into the 
balloon. 

3. The medical catheter of claim 1 wherein the proximal 
end of the distal tip extension extends through the cone- 
shaped portion and into the body portion. 

4. The medical catheter of claim 1 wherein the distal tip 
extension is comprised of a more flexible material than the 
guidewire shaft. 

5. The medical catheter of claim 1 wherein the distal tip 
extension is comprised of a more flexible material than the 
balloon. 

6. The medical catheter of claim 1 wherein the distal tip 
extension is comprised of linear density polyethylene. 

7. The medical catheter of claim 6 wherein the distal tip 
extension has a wall thickness of between approximately 
0.006 inches to 0.008 inches. 

8. The medical catheter of claim 1 wherein the balloon is 
comprised of a material selected from the group consisting 
of polyethylene terephthalate and nylon. 

9. A medical catheter comprising: 

a guidewire shaft having a proximal end and a distal end, 
the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 

a distal tip extension having a proximal end, a distal end 
and an intermediate portion, the intermediate portion 
located between the proximal end and the distal end of 
the distal tip extension, the distal tip extension defining 
a distal tip extension lumen sized to accommodate a 
guidewire; 

the distal tip extension having at the proximal end thereof, 
the distal end of the guidewire shaft sealingly affixed 
therein; 

an inflatable balloon comprising: 

a body portion having a proximal end and a distal end; 
a tail portion having a proximal end, a distal end; and 
a cone shaped portion, the cone shaped portion extend- 
ing between the distal end of the body portion and 
the proximal end of the tail portion, the tail portion 
being sealingly affixed to the distal tip extension 
such that the proximal end of the distal tip extension 
extends proximally from the proximal end of the tail 
portion; 
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wherein the distal tip extension intermediate portion has 
a proximate portion and a distal portion, the proximate 
portion has a first outer diameter and the distal portion 
has a second, smaller outer diameter; and 

wherein the tail portion is sealingly affixed to the distal tip 
extension at the second outer diameter. 

10. A medical catheter comprising: 
a guidewire shaft having a proximal end and a distal end, 

the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 
a distal tip extension having a proximal end, a distal end 
and an intermediate portion, the intermediate portion 
located between the proximal end and the distal end of 
the distal tip extension, the distal tip extension defining 
a distal tip extension lumen sized to accommodate a 
guidewire; 

the distal tip extension having at the proximal end thereof, 
the distal end of the guidewire shaft sealingly affixed 
therein; 

an inflatable balloon comprising: 
a body portion having a proximal end and a distal end; 
a tail portion having a proximal end a distal end; and 
a cone shaped portion, the cone shaped portion extend- 
ing between the distal end of the body portion and 
the proximal end of the tail portion, the tail portion 
being sealingly affixed to the distal tip extension 
such that the proximal end of the distal tip extension 
extends proximally from the proximal end of the tail 
portion; and 

wherein the distal tip extension lumen is larger at the 
proximal end of the distal tip extension than at the distal 
end of the distal tip extension. 

11. A medical catheter comprising: 
a guidewire shaft having a proximal end and a distal end, 

the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 
a distal tip extension having a proximal end, a distal end 
and an intermediate portion, the intermediate portion 
located between the proximal end and the distal end of 40 
the distal tip extension, the distal tip extension defining 
a distal tip extension lumen sized to accommodate a 
guidewire; 

the distal tip extension having at the proximal end thereof, 
the distal end of the guidewire 'shaft sealingly affixed 45 
therein; 

an inflatable balloon comprising: 

a body portion having a proximal end and a distal end; 
a tail portion having a proximal end, a distal end; and 
a cone shaped portion, the cone shaped portion extend- 
ing between the distal end of the body portion and 
the proximal end of the tail portion the tail portion 
being sealingly affixed to the distal tip extension 
such that the proximal end of the distal tip extension 
extends proximally from the proximal end of the tail 
portion; and 

wherein the distal tip extension outer diameter tapers from 
the intermediate portion thereof to the proximal end 
thereof. 

12. A medical catheter comprising: 
a guidewire shaft having a proximal end and a distal end, 

the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 
a distal tip extension having a proximal end, a distal end 
and an intermediate portion, the intermediate portion 
located between the proximal end and the distal end of 
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the distal tip extension, the distal tip extension defining 
a distal tip extension lumen sized to accommodate a 
guidewire; 

the distal tip extension having at the proximal end thereof, 
the distal end of the guidewire shaft sealingly affixed 
therein; 

an inflatable balloon comprising: 

a body portion having a proximal end and a distal end; 
a tail portion having a proximal end, a distal end; and 
a cone shaped portion, the cone shaped portion extend- 
ing between the distal end of the body portion and 
the proximal end of the tail portion, the tail portion 
being sealingly affixed to the distal tip extension 
such that the proximal end of the distal tip extension 
extends proximally from the proximal end of the tail 
portion; 

wherein the tail portion is sealingly affixed to the distal tip 

extension by an adhesive; and 
wherein the adhesive is shaped into a taper at the distal 

end of the tail portion. 

13. A medical catheter comprising: 

a guidewire shaft having a proximal end and a distal end, 
the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 

a distal tip extension having a proximal end, a distal end 
and an intermediate portion, the intermediate portion 
located between the proximal end and the distal end of 
the distal tip extension, the distal tip extension defining 
a distal tip extension lumen sized to accommodate a 
guidewire; 

the distal tip extension having at the proximal end thereof, 
the distal end of the guidewire shaft sealingly affixed 
therein; 

an inflatable balloon comprising: 

a body portion having a proximal end and a distal end; 
a tail portion having a proximal end a distal end; and 
a cone shaped portion, the cone shaped portion extend- 
ing between the distal end of the body portion and 
the proximal end of the tail portion, the tail portion 
being sealingly affixed to the distal tip extension 
such that the proximal end of the distal tip extension 
extends proximally from the proximal end of the tail 
portion; and 

wherein the distal end of the guidewire shaft is in align- 
ment with the proximal end of the tail portion. 

14. A medical catheter comprising: 

a guidewire shaft having a proximal end and a distal end, 
the guidewire shaft defining a guidewire lumen sized to 
accommodate a guidewire; 

a distal tip extension having a proximal end and a distal 
end, the distal tip extension defining a distal tip exten- 
sion lumen sized to accommodate a guidewire; 

the distal tip extension having an intermediate portion 
which includes a proximate intermediate portion with a 
first outer diameter, the distal tip extension having a 
distal intermediate portion with a second, smaller outer 
diameter and the distal end of the guidewire shaft 
sealingly affixed within the proximal end of the distal 
tip extension; and 

an inflatable balloon comprising: 

a body portion having a proximal end and a distal end; 
a tail portion having a proximal end and a distal end; 
and 

a cone shaped portion, the cone-sbaped portion extend- 
ing between the distal end of the body portion and 
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the proximal end of the tail portion, the tail portion 
sealingly affixed to the distal tip extension at the 
second, smaller diameter at the distal intermediate 
portion such that the proximal end of the distal tip 
extension extends proximally from the proximal end 
of the tail portion, the distal end of the distal tip 
extension extends distally from the distal end of the 
tail portion and the distal end of the guidewire shaft 
is in alignment with the proximal end of the tail 
portion. 

15. The medical catheter of claim 14 wherein the distal tip 
extension has an outer diameter which tapers from the 
intermediate portion to the proximal end. 

16. The medical catheter of claim 14 wherein the proxi- 
mal end of the distal tip extension extends proximally into 
the balloon such that it extends through the cone-shaped 
portion and into the body portion. 
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17. The medical catheter of claim 14 wherein the tail 
portion is sealingly affixed to the distal tip extension by an 
adhesive. 

18. The medical catheter of claim 14 wherein the adhesive 
5 is shaped into a taper at the distal end of the tail portion. 

19. The medical catheter of claim 14 wherein the distal tip 
extension is comprised of a more flexible material than the 
guidewire shaft. 

20. The medical catheter of claim 14 wherein the distal tip 
extension is comprised of linear density polyethylene. 

10 21. The medical catheter of claim 20 wherein the distal tip 
extension has a wall thickness of between approximately 
0.006 inches to 0.008 inches. 

22. The medical catheter of claim 14 wherein the balloon 
is comprised of a material selected from the group consisting 

is of polyethylene terephthalate and nylon. 

***** 
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[57] 



ABSTRACT 



Catheters are provided which have multiple flexibilities 
along their shafts as well as high pressure capabilities 
throughout the length of the catheter. Included is a 
catheter body having a relatively high stiffness which is 
particularly well-suited for maximum pushability 
through a body cavity or vessel. Secured to the distal 
end portion of this catheter body is a thin-walled, flexi- 
ble tube which exhibits low stiffness to thereby impart 
maximum flexibility to the distal or tip portion of the 
catheter. A medical device balloon or other distal end 
member such as an atraumatic tip is secured to the distal 
end portion of the connecting tube. In the preferred 
arrangement, the thin-walled, flexible tube had been 
constructed by proceeding with radial expansion 
method in order to impart characteristics of excellent 
flexibility and high burst strength to the thin-walled 
flexible tube and thus to the assembled catheter. 

11 Claims, 1 Drawing Sheet 
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percutaneous transluminal coronary angioplasty 

CATHETER WITH MULTIPLE FLEXIBILITIES (PTCA) catheters. 

ALONG THE SHAFT The typical PTCA catheter utilizes an outer body or 

shaft having a single flexibility designed to provide a 
BACKGROUND AND DESCRIPTION OF THE 5 compromise in performance characteristics. The com- 
INVENTION promise involves a target flexibility that provides some 

The present invention generally relates to medical b * n ? 1 ? ece f lri ^ ideal "P 601 * of 

device catheters, as well as to processes for making a ?* ta ^ nd wh i ch * flexible to conform to the anatomy 

same. More particularly, the invention relates to medi- , n ^ st f m ^e Proximal end to be push- 

cal devices in the form of catheters that exhibit varying 10 ^ and at tiie same time being able to withstand the 

flexibility along the length of the catheter shaft While W™™<* ?f mflate the balloon. By pro- 

smimtaneously exhibiting high pressure capabilities accordance with the present invention, there 

throughout the length of the catheter. A portion of the » «<> need to attempt to attain these compromises. The 

catheto shaft whidi is positioned generally distally P^xiimd shaft of an outer cadieter assembly * as sdffas 

therealong is particularly {hin- walled and flexible when 15 *f^J™ maximum pushabihty and strength, while a 

compared Wiethe rest of the catheter shaft This thin- secbon * P a * cularl y thm 311(3 ^ eXih } e 

wZdand flexible component haT an^ptionaUy nnparts mimmal stiflhess and exceptional strength to the 

high burst strength and £ prepare* Xy TprocXe ^ rt '° n ° f * e outer catheter assembly. In the 

fr. . , 7 * "I- n F i- y preferred embodiment, stiffness of this distal portion is 

which includes radially exuding a pansor, Exem- 20 b „ ^ tube or shaft w hich 

plary catheters include soncallec Iballoon catheters such ^ ^ ou J r 

IL^uifa^ valvuloplasty, uro- fa summarVj ^ medical ^ ^ a ^ 

of medical appl^tions. In several instances, the cathe- 25 ble mbe b to ^ ^ ^ Qf ^ d ^ 

^ ^ Way **\ curvcd .^ d/or stiff catheter body. This thin-walled flexible tube has a 

^ ^if^f W ^ S 01 n< ^ sltatm « a stiffness substantially less than that of the elongated 
' * ? C f ble ^ Std *f catheter body, and its thin-walled and flexible charac- 

quate sUffhess tosupply torque proves which enable preferably are developed, at least in part, by a 

the catheter to be fed and maneuvered without kinking 30 proccdure w herein the thin-walled, flexible tube is 
or excessive testing which will hamper proper move- ^ from a parison ^ h expanded. In the 

ment through the body cavity or vessel. At the same prc f crTcd embodiment, this thm-waDedflexible tube 
time, flexibility, particularly *i .the distal end or lead connects the ^ end of the elongated, stiff catheter 
portion of the catheter should be provided in order to body with a tip member such as the proximal end por- 
present bending attributes whereby the distal portion of 35 tion of a mc dical device balloon having a non-dis- 
the catheter can be more easily guided into branching tended, collapsed profile which expands to a distended 
passageways or more readily follow tortuous pathways profile upon ^ application of high fluid pressure 
of body vessels or cavities. Numerous approaches have through the elongated catheter, including the thin- 
been taken in attempting to achieve the desired combi- walled flexible tube, which although being exception- 
nation of adequate torque and flexibility. Some include 40 ally flexible is also exceptionally high in burst strength 
the addition of mechanical components such as coiled so as to be adequate to withstand the high pressure of 
wires. Others seek to provide polymers which exhibit a the fluid therewithin. 

compromise between competing desired attributes, at j t is a general object of the present invention to pro- 
times in connection with specific types of catheters. Still vide an improved medical device catheter having multi- 
other approaches incorporate treatments of catheter 45 p i e flexibilities along its shaft while simultaneously ex- 
bodies or shafts in' an effort to provide desired proper- hibiting high pressure capabilities. 
t * es - Another object of this invention is to provide an 

Some of these approaches are not particularly suit- improved percutaneous transluminal coronary angio- 
able when the body passageway is especially narrow plasty catheter that is especially well-suited to follow 
and/or when the catheter body or shaft must provide a 50 bends and branches within blood vessels and the like 
threshold burst strength which is needed for delivering while still possessing burst strength adequate to with- 
flukis through the catheter body or shaft. Typical medi- stand the high pressures needed for angioplasty prece- 
cal device catheters of this type require both thinness dures. 

and exceptional wall strength while still being maneu- Another object of the present invention is to provide 
verable through narrow, curved pathways or branches. 55 an improved outer tube assembly for coaxial catheters, 
These types of catheters include those which must pass which outer tube assembly exhibits multiple flexibilities 
through narrow, branched blood vessels in order to including minimal flexibility at a distal portion location 
deliver pressurized fluid to a location within the body. whereby distal stiffness is controlled by the inner, coax- 
A particular type of catheter in this regard delivers ial tube. 

pressurized fluid to a balloon component at a distal 60 Another object of this invention is to provide an 
portion of the catheter. Balloon components of this improved coaxial catheter having an inner tube or body 
type, when filled with the pressurized fluid will distend which accommodates a guidewire and provides distal 
or increase in radial size, typically in order to compact stiffness to the outer coaxial tube having a unique sec- 
or reduce the size of a lesion which has developed in a tion of mimmal stiffness and maximum flexibility. 
d iseased body cavity such as a blood vessel. An exem- 65 Another object of this invention is to provide an 
plary procedure in this regard is known as percutaneous improved catheter having a distal portion section which 
transluminal coronary angioplasty, and catheters espe- is of minimal stiffness and of high burst strength by 
cially designed to carry out this procedure are known as preparing same from a parison that is radially expanded. 
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Another object of the present invention is provide an walled flexible tube 28, the stiffness of the tip or distal 

. improved medical device balloon catheter incorporate end portion of the catheter assembly is controlled by the 

ing a section of minimal stiffness and maximum flexibil- material of the inner tube 21 which is coaxially posi- 

ity in order to provide a balloon catheter having a por- tioned within the thin-walled flexible tube 28 when the 

tion immediately proximal to the balloon which all ws 5 outer tube assembly 22 is guided through the pathway 

the balloon to easily follows bends and branches within within the body passageways or vessels which is 

body cavities or vessels. mapped out by the guide wire 29. The distal end portion 

These and other objects, features and advantages of of the balloon member 26 or other tip member is se- 

the present invention will be clearly understood cured such as by heat sealing, adhesive or the like to the 

through a consideration of the detailed description. 10 distal end portion of the inner tube 21. Because of this 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of this description, reference will be important, the elongated body shaft 27 can be designed 

made to the attached drawings, wherein: to be as stiff as desired for maximum pnshability and 

FIG. 1 is an elevational view, partially in cross-sec- 15 strength, 

tion,' of a catheter incorporating the present invention; Elongated body shaft 27 has a stiffness substantially 

FIG. 2 is an enlarged cross-section, partially broken greater than the minimal stiffness of the thin-walled 

away, of portions of the catheter illustrated in FIG. 1; flexible tube 28. A typical minimum flexural modulus is 

and on the order of about 100,000 psi. Burst pressure will be 

FIGS. 3a, 3b, 3c and 3d are elevational illustrations of 20 at least about 200 psi, preferably at least about 400 psi. 

tubing as it is progressively processed to transform same When the catheter assembly is of the PTC A type, the 

into the thin-walled, flexible tube which is a component wall thickness of the extruded polymer elongated body 

of the catheters made in accordance with the invention. shaft 27 will range between about 0.002 inch and about 

^o^TTv^T^-.r — _ „ . -_„ TTT A - 0.006 inch. After extrusion and annealing, shaft 27 typi- 

DESCIUPTION^ OF TOE J^TICULAR 25 cally has a yield point of greater thaTSbo psL 

EMBODIMENTS One or more thin-walled flexible tubes 28 are pro- 

A catheter illustrative of the type of medical device vided, although in most typical applications, only one is 

suitable for employment of the present invention is needed or desired. Tube 28 has a wall thickness of not 

illustrated in FIG. 1. The particular illustrated catheter substantially greater than about 0.0005 inch or less, 

is one designed for percutaneous transluminal coronary 30 Despite this wall thinness, tube 28 possesses a burst 

angioplasty procedures, and it is of a so-called coaxial pressure of at least about 400 psi. When normalized, its 

design. An 'inner tube, generally designated as 21 is yield point is significantly greater than that of the elon- 

coaxially positioned within an outer tube assembly, gated body shaft 27. Tube 28 has a yield point exceeding 

generally designated as 22, in accordance with gener- 20,000 psi. For example, a typical normalized yield 

ally known practices. Conventional inner tube 21 in- 35 point for a suitable thin-walled flexible tube 28 is about 

eludes an elongated shaft 23 which provides a passage- 23,000 psi, while that of a suitable elongated body shaft 

way for a guidewire 29. 27 is about 5050 psi. 

Coaxially positioned over the inner tube 21 is the As can perhaps be best seen in FIG. 2, in the illus- 
outer tube assembly 22 which includes a medical device trated preferred embodiment, the proximal end of the 
balloon member 26, the outer tube assembly 22 provid- 40 thin-walled flexible tube 28 is secured to the distal end 
ing a passageway for controlling the inflation and defla- portion of the elongated body shaft 27, and the distal 
tion of the medical device balloon member 2d A suit- end portion of the thin-walled flexible tube 28 is secured 
able branched connector of known construction having to a proximal end portion or leg 31 of the medical de- 
branches 24 and 24a facilitates manipulation of the vice balloon member 26 or other tip member. While any 
guidewire 29 and linkage to a known device for passing 45 suitable assembly method could be utilized such as those 
pressurized inflation fluid, such as saline solution, into incorporating adhesives, preferred assembly is accom- 
and through the catheter and into the medical device plished by energy application such as known heat seal- 
balloon member 26 when it is desired to inflate the ing techniques. In a typical percutaneous transluminal 
balloon member 26. A guiding catheter 25 is also illus- coronary angioplasty catheter, thin-walled flexible tube 
trated in a typical position as it is used in connection 50 28 would have a length on the order of 10 inches (25 
with the invention. cm), and the elongated body shaft 27 would have a 

With more particular reference to the outer tube length on the order of about 90 inches (about 229 cm), 
assembly 22, in addition to the branched connector and Fluid passes through the catheter assembly along pas- 
the medical device balloon member 26, this assembly sageway 30 between the inner tube 21 and the outer 
further includes an elongated catheter body shaft or 55 tube assembly 22, necessitating the high burst strength 
tube 27 and a thin-walled, flexible tube 28. In the illus- exhibited by the thin-walled flexible tube 28. 
trated embodiment, the thin-walled, flexible tube 28 A tube which is only radially expanded would pro- 
serves as a connecting shaft between the elongated vide tubing having adequate strength. The preferred 
body shaft or tube 27 and the medical device balloon 26. tubing is made from double-stretched tubing, primarily 
It could also be used as a connection to other tip mem- 60 for cosmetic reasons, wherein the tubing is axially 
bers which do not include a balloon. It will be appreci- stretched twice. 

ated that the thin-walled, flexible tube 28 is positioned When the double-stretched approach is desired, thin- 
distally of the elongated body shaft or tube 27. walled, flexible tube 28 is constructed from a parison 
In an important aspect of this invention, the thin- that has been axially elongated and radially expanded. It 
walled flexible tube 28 imparts minimal stiffness to the 65 is especially preferred that the tube 28 be made of a 
tip or distal end portion of the catheter assembly while nylon or of a polyamide material It has been deter- 
also providing it with exceptional burst strength. Be- mined that thin-walled flexible tubes 28 made from 
cause of the minimal stiffness imparted by the thin- nylon or polyamide parisons subjected to radial expan- 
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sion provide tubes 28 that exhibit the advantageous With more particular reference to the material out of 

combination f thin-walled flexibility with superior which the outer tube assembly 22 and especially the 

burst strength. thin-walled flexible tube 28 is made, same should be a 

FIGS. 3a through Zd illustrate the procedure by thennofonning plastic. Such a material can be heated to 

which a double-stretched, thin-walled flexible tube 28 is 5 a temperature below its melting point and deformed or 

formed. A length of tubing or parison 32 shown in FIG. formed to take on another shape and/or size. When 

3a is subjected to axial elongation to form an elongated cooled, these types of materials retain that new shape 

tubing 32a which is stretched to achieve an elongation and/or size, and this procedure is substantially repeat- 

of between about 250% and about 300% of the original able. When heat set, these materials become thermo- 

iength of the parison 32. The stretching may be omitted. 10 formed to the desired geometry of the finished compo- 

Whether included or not, the elongated tubing 32a is nent, subject to re-forming if heated beyond a predeter- 

subjected to radial expansion by applying fluid pressure mined elevated temperature for the particular material, 

to the inner lumen thereof. Typically, the elongated Details of these materials as well as of procedures and 

tubing 32 is allowed to expand to a "free-blown" diame- devices for shaping and conditioning same are found, 

ter wherein no mold is used to restrict its expansion. If 15 for example, in U.S. Pat. Nos. 4,906,244, 4,938,676, 

it is desired to very carefully control the step illustrated 5,017,325, 5,055,024 and 5,108,415, the subject matter 

in FIG. 3c, s a me could be accomplished within a mold thereof being incorporated by reference hereinto. 

having a shape generally approximating that of the Thin-walled flexible tube 28 is to be made of materials 

radially expanded elongated tubing, generally desig- that have substantial tensile strength, are resistant to the 

nated as 33 as depicted in FIG. 3c Included is an ex- 20 development of pin holes, are generally scratch-resist- 

panded portion 35, leg portions 37, and expansion end ^ ^ possess reasonably good moisture resistance, 

walls 39. Preferably, and typically practiced under a Nylon materials and/or polyamide materials are typi- 

free-blown situation, the elongated tubing 32a is first suitable. Materials of the Nylon 12 type have been 

kinked to initiate a bubble, and the free-blown balloon found to possess these advantageous properties. Other 

propagates from that initiation site upon application of 25 exemplary nylons include Nylon 9, Nylon 1 1, Nylon 66, 

the fluid pressure to develop the radial expansion. Pref- Nylon 69 and other polyamides. Polyamides include 

erably, the expansion is at least about 200%. Generally nylons, polyetheramides and polyetheramides blended 

speaking, this procedure can be characterized as a "pre- another polyamide-type of material. Polyethera- 

blow" step. When double-stretching is desired, and as ^ midc » a polyamide elastomer having substantially no 

illustrated in FIG. 3d the radially expanded elongated cstCT linkages. The polyetheramides can be blended 

tubing 33 is axially stretched or elongated in order to materials having polyamide structures per se as 

form an axially stretched or re-stretched radially ex- w ^ f 8 c f rt3hi polyesteretheramides. 

panded elongated tubing 33a. This axial stretch will be Polyetheramide components can be generally catego- 

a stretch of between about 30 and about 80% beyond 35 35 Polyamide elastomers, and they have been 

the length of the radially expanded tubing 33, during found to possess properties that are especially excep- 

which there is a significant reduction in the expansion tional for ^ on dweU ^ medical devices. They have 

end walls 39 to provide reduced-size expansion end found * offer » to flexibility ratio 

walls 39c. and do not exhibit blooming of particles upon aging. 

Thereafter, the radially expanded elongated tubing 40 Polyetheramides can be blended with other polyamide 

33a is subjected to heat setting conditions. A preferred t VP es of materials in order to greatly extend the flexibil- 

manner of accomplishing the heat set to the section 39a ***** wmle retaining the advantageous properties of 

is within a mold that has an internal diameter corre- polyetheramide materiaL It has been found that, 

spending to the desired external or outer diameter of wfaen ccrtain of polyamide-types of materials are 

the thin-walled flexible tube 28. Heat set is achieved by 45 2°** ™? a ^y^*™^ Ac * a ^ 

pressurizing tube 33a and then subjecting it to heating blen f wm ch, when extruded, enjoys the properties of 

for a short period of time while within the heat set J* 00 * whflc maintaining an extremely high 

mold. This is followed by a brief cooling period. Thin- J"* *° A«ibmty ratio and while exhibitmg 

walled flexible tube 28 is removed from the tube 33a, bl ? om n ^ rdatlon F*°P«*« wmch P™* even u P° n 

typically by severing along severance lines as generally 50 ^JJJ™ a ^ng- 

mistrated by the pair of center lines in FIG. 3d. ™ e V^nmOm (PEA or PETA) include poly- 
Medical device talloon member 26 preferably is pre- F? dc elasto ™ e f,/ n ^ h m .V n ?fZ *°f* 1 
pared from a nylon or from a polyamide parison which m ^ * e *? nds ^ and soft 
^subjected to processing similar to that preferably ^^es. These ■*«■]. •» from 
practiced to fom the thin-walled flexible tube ». The 55 monomero plastjozers, and they have a high hydrolys* 
initially provided parison is stretched axially to about sta bihty. Exemplary materials m this regard are avail- 
150% andup to about^, of the initial parison length. able from EMS^emie AG or Emser Industries. Ex- 
it,. »w ^,,il„ 0 ,^i • «„vj„ t ^ SLam emplary trade designations are Gnlamid and Grflon. 
^bylu^sSubrS^g^ew^ Polyetheramides typically are prepared by directly 

a pre-olow mold to provide a radial expansion to form fio SM^ZEffTLt^ffi'S 

a structure as generally illustrated in FIG. 3c A second a< ? d ^P 101 **^- As an example m this regard, 

axial ehmgatioTTfcen accomplished by a second when the amme-terminated soft segment * b^-amino- 

cm»^w«» ^ »k««» j/w tT^ivvrt uv? \J,*nA 1 propyOpolyoxytetramethylene glycol, and when the 

"retching of about 40% to about 80% beyond the add . &cid h EMpQL 1010 PEA or 

Tft^J^ r8d ^ y ^ ™? „ PETA polymer of the following structure is formed: 

stretched tubing is then placed within a mold chamber 65 * 6 

to form the desired balloon shape. Heat setting is also ((CH^sCO)* nh— B nhco— A— CON- 

preferably accomplished in order to provide the medi- h— b— nh— 

cal device balloon member 26. 
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wherein A designates dimer acid segments, B designates 4,585,666 and Becker et aL U.S. Pat No. 4,835,003, 

incorporated by reference hereinto. 

-(ch^o-kch^-oIx-CCH^j- The foUowing examples illustrate preferred embodi- 

, . . 4 , .„ . . , ments concerning the invention, 

and x is an integer greater than 1. It will be noted that 5 

these formulas contain no ester linkages. EXAMPLE 

When it is desired to blend polyetherarnide materials Elongated Proximal Body Shaft 

of this general type with the other polyamide-types of 

materials, this polyetherarnide having substantially no An elongated body shaft 27 was produced with a 
ester linkages will be present at between about 10 and 10 typical commercial extruder (a Killion \ inch extruder) 
about 90 percent by weight, based upon the total weight from EMS Grilamid TR55 nylon, clear. The resultant 
of the polymer blend. Typically any such blend will tubing had an outer diameter of 0.0435 inch and an inner 
include between about 10 and about 90 percent by diameter of 0.0375 inch. The tubing was annealed at 
weight, based upon the total weight of the polymer 150° C. for thirty minutes. Pressure testing on five ex- 
blend, of a flexibility modifying polyamide type of ma- 15 traded and annealed tubes showed an average burst 
terial. pressure of 748 psi, the standard deviation being 30.1, 

With more particular reference to the flexibility mod- which when normalized, equals a yield point of 5050 
ifying polyamide-types of material, they can typically psi> The literature value for the flexurai modulus of this 
fall into two different categories, one being a polyamide material is 296,000 psi. 
per se, and the other being a polyesteretheramide. Both 20 

have been found to increase the flexibility of the po- Thin-Walled Flexible Distal Tube 

lyetheramide, which may not be particularly preferred Aparisonof Huls Vestamid L2101F(aNylon 12) was 
for the thm-walled flexible tube 28 Polyanndes include on conventional extrusion equipment, the 

the nylons such as Nylon 6, Nylon U, Nylon 12 -aod .fbe havin m QUter 0 f o,0134 inch and an 

like as well as materials such as Gnlarmd L25. The ~ r m ° n Tu a „, oe 0 ™n„ 

general structure of these types of polyamides is, of 25 ™« diameter of 0.0065 inch. The parison was axiaUy 

co^rst well town? Eracture having r^cur- ^/ff^ 8 TTV^^T^ 
ring polyamide groups (— CONH— ) as an inte^al part «* 3 °°f of the midal Panson length. Radial expansion 
copolymer chain. The typical polyamide is a high was perfomed by first pressunzmg the inner lumen of 
molecular weight polymer in which these amide link- ■ firststretched panson to 790 ps^then aUowing the 
ages occur along the molecular chain. Polyesterethera- 30 elongated panson to expand to a "free-blown diame- 
mides, unlike the polyetheramides, typically do have ter > ^ere being no mold utilized to restnct expansion, 
ester linkages, believed to contribute significantly to the The elongated parison was first kinked to initiate a 
blooming phenomenon. Included are the PEBA materi- bubble, and the free-blown radial expansion volume 
als, namely the polyether block amide or ester-linked propagated from that initiation site in order to provide 
polyether-polyamide copolymer materials, which are a pre-blown intermediate. This pre-blown intermediate 
believed to have a structure as follows: was subjected to a second stretching step in order to 

axially elongate it by 30 to 80%. The twice-stretched 
tubing was heat set within a heat set mold that is a 
HO — pC— PA— C— O— PE— 0-4— H hypotube having an internal diameter of 0.042 inch and 

H U 40 an outer diameter of 0.058 inch, the hypotube being 

L l - Jn housed in a circulating jacket that allows either hot 

fluid or cold fluid to flow around it without directly 
wherein PA is a polyamide, PE is a polyether, and n is contacting the tubing being heat set The heat set was 
an integer greater than 1 which represents the number achieved by pressurizing the tube to 275 psi and subject- 
of blocks of copolymer molecular units within the mo- 43 it to 140 * c. for thirty-six seconds while within the 
lecular formula of the copolymer. Representative po- hypotube. After the heat set period, the tubing was 
lye^teretheramide r materials include the Pebax poly- for i ^ lty ^ at approximately 20° C. 

mers. It has been found that, when the Pebax polymers m thin-walled flexible tube had an outer 

are utilized, the bloom retardation characteristic is ac- diameter ^ { q{ 0 0420 ^ ^ average ^ 
comphshed when the shore hardness is equal to or 50 offiye ^ prepared ^ was aoo & inch. 

iianier tnan bnore 70L>. Each tube was 25 cm in length, and the average burst 

With further reference to the aspect of the present *7%. St- • * \*Z Z J Z *: * 

- , U1 - . • J;_. „ f pressure of the tubing was 542 psi, standard deviation of 

m vention wherem blooming or migration of monomers | normauzed, this average burst pressure 

to the surface is retarded, this feature is particularly rz . . rr T~7* 7™ ^ 

advantageous in those instances where a coating is ap- 55 defines a yield point of 23,000 pa. 

plied, such as a hydrogel coating, to the extruded poly- Medical Device Balloon 
mer tubing, especially to the thin-walled tube 28. It has 

been found that such blooming undermines coatings m ^ Pressure medical device balloon members 26 

which are applied. Exemplary coating materials are were prepared from Huls Vestamid L2101F (a Nylon 

hydrogel materials that are copolymers of polyurethane 60 12) from an extruded parison having an outer diameter 

and polyvinylpyrrolidone or cross-linked copolymers of °- 032 ^ch and an inner diameter of 0.019 inch. A 

of polyethylene oxide and polyhydroxyethyl methacry- medical device balloon member having a balloon profile 

late. Exemplary hydrogel coatings are available from of 3.0 mm was made by the following procedure. The 

Hydromer Inc. under the registered trademark HY- parison was stretched axially 150 to 200% in a first 

DROMER and are illustrated in Miklus et al. U.S. Pat 65 stretch step. A small bubble was initiated using a short 

No. 4,100,309, incorporated by reference hereinto. Hy- burst of heated air while the parison was pressurized, 

drophilic coatings having low friction properties are This tubing was placed into a pre-blow mold (0.088 inch 

described, for example, in Lambert U.S. Pat No. diameter by 2.5 inches in length) and pressurized to 630 
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15 



20 



25 



30 



psi. This achieved a first radial expansion and provided 
a balloon portion approximately 0.88 inch in diameter 
and 2.5 inches in length. A second stretch was then 
conducted to elongate 40% to 80%. The second 
stretched tubing was then placed into a forming mold in 
order to finish formation of the balloon to the desired 
final shape. Heat setting was then conducted within this 
same mold under elevated pressure and temperature, 
the heat set time being 36 seconds. Cooling was then 
conducted for thirty-six seconds. The resulting medical 
device balloon had an average outer diameter (at 100 
psi) of 0. 11 6 inch, and an average burst pressure of 351 
psi, standard deviation of 15. 

It will be understood that the embodiments of the 
present invention which have been described are illus- 
trative of some of the applications of the principles of 
the present invention. Numerous modifications may be 
made by those skilled in the art without departing from 
the true spirit and scope of the invention. 

I claim: 

1. A medical device balloon catheter comprising: 

a catheter body which is an elongated tube having a 
given stiffness, said catheter body having a proxi- 
mal end and a distal end; 

a medical device balloon member with a balloon 
portion having a non-distended, collapsed profile 
and a distended, expanded profile which develops 
upon the application of fluid pressure internally of 
the balloon, said balloon member having a proxi- 
mal end leg portion and a distal end leg portion 
which do not expand upon said application of fluid 
pressure internally of the balloon; 

a thin-walled, flexible connecting tube which exhibits 
neither the collapsed profile nor the expanded pro- 35 
file that develops in the medical device balloon 
member of the catheter, said connecting tube being 
secured between said distal end of the catheter 
body and said proximal end leg portion of the bal- 
loon member, said connecting tube thereby spacing ^ 
said balloon member from said catheter body, said 
connecting tube having been radially expanded to 
impart its thin-walled and flexible characteristics 
thereto, the connecting tube having a stiffness less 
than said given stiffness of the catheter body while 45 
having a burst pressure of not less than about 400 
psi; 

said thin-walled flexible connecting tube is made 
from a polymer selected from the group consisting 
of nylons, poly amides, polyetheramides and blends 50 
of polyetheramides with other polyamide types of 
materials; 

means for manipulating the balloon catheter into and 
through a body vessel to position the balloon mem- 
ber at a selected location within the body vessel; 

means for imparting fluid pressure interiorly of the 
balloon to distend and expand the balloon member; 

an inner tube which is an elongated tube having a 
proximal end and a distal end, the inner tube being 
substantially co-axially positioned within said cath- 
eter body, said thin-walled, flexible connecting 
tube, and said medical device balloon member; 

said distal end of the inner tube being secured to said 
distal end leg portion of the balloon member; and 

said means for imparting fluid pressure internally of 65 
the balloon member includes a passageway be- 
tween the outer surface of said inner tube and the 
combined inner surfaces of said catheter body, said 
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thin-walled, flexible connecting tube, and said med- 
ical device balloon. 

2. The medical device balloon catheter in accordance 
with claim 1, wherein said thin-walled flexible connect- 
ing tube had been first axially elongated, thereafter 
radially expanded, and then axially elongated for a sec- 
ond time. 

3. The medical device balloon catheter in accordance 
with claim 1, wherein said given stiffness of the catheter 
body corresponds to a flexural modulus of at least about 
100,000 psi. 

4. The medical device balloon catheter in accordance 
with claim 1, wherein said thin-walled flexible connect- 
ing tube has a wall thickness of on the order of approxi- 
mately 0.0005 inch. 

5. The medical device balloon catheter in accordance 
with claim 1, wherein the catheter is a percutaneous 
transluminal coronary angioplasty catheter. 

6. The medical device balloon catheter in accordance 
with claim 1, wherein said thin-walled flexible connect- 
ing tube is made from a polymer radially expanded at 
least about 200%. 

7. A medical device balloon catheter comprising: 

a catheter body which is an elongated tube having a 
given stiffness, said catheter body having a proxi- 
mal end and a distal end; 

a medical device balloon member with a balloon 
portion having a non-distended, collapsed profile 
and a distended, expanded profile which develops 
upon the application of fluid pressure internally of 
the balloon, said balloon member having a proxi- 
mal end leg portion and a distal end leg portion 
which do not expand upon said application of fluid 
pressure internally of the balloon; 

a thin-walled, flexible connecting tube which exhibits 
neither the collapsed profile nor the expanded pro- 
file that develops in the medical device balloon 
member of the catheter, said connecting tube being 
secured between said distal end of the catheter 
body and said proximal end leg portion of the bal- 
loon member, said connecting tube thereby spacing 
said balloon member from said catheter body, said 
connecting tube having a wall thickness on the 
order of about 0.0005 inch and a burst pressure of 
not less than about 400 psi, the connecting tube 
having a stiffness less than said given stiffness of the 
catheter body; 

said thin-walled flexible connecting tube is made 
from a polymer selected from the group consisting 
of nylons, polyamides, polyetheramides and blends 
of polyetheramides with other polyamide types of 
materials; 

means for manipulating the balloon catheter into and 
through a body vessel to position the balloon mem- 
ber at a selected location within the body vessel; 

means for imparting fluid pressure interiorly of the 
balloon to distend and expand the balloon member; 

an inner tue which is an elongated tube having a 
proximal end and a distal end, the inner tube being 
substantially co-axially positioned within said cath- 
eter body, said thin-walled, flexible connecting 
tube, and said medical device balloon member, 

said distal end of the inner tube being secured to said 
distal end leg portion of the balloon member; and 

said means for imparting fluid pressure internally of 
the balloon member includes a passageway be- 
tween the outer surface of said inner tube and the 
combined inner surfaces of said catheter body, said 
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thin-walled, flexible connecting tube, and said med- 
ical device balloon. 

8. The medical device balloon catheter in accordance 
with claim 7, wherein said given stiffness of the catheter 
body corresponds to a flexural modulus of at least ab ut 5 
100,000 psi. 

9. A medical device catheter comprising: 

a catheter body which is an elongated tube having a 
given stiffness, said catheter body having a proxi- 
mal end and a distal end; 10 

a distal tip member having properties suitable for the 
leading portion of a medical device catheter; 

a thin-walled, flexible connecting tube which neither 
collapses nor expands during use of the catheter, 
said connecting tube being secured between said 15 
distal end of the catheter body and said distal tip 
member, said connecting tube thereby spacing said 
distal tip member from said catheter body, said 
connecting tube having a. wall thickness on the 
order of about 0.0005 inch and a burst pressure of 20 
not less than about 400 psi, the connecting tubing 
having a stiffness less than said given stiffness of the 
catheter body; 

said thin-walled flexible connecting tube is made 
from a polymer selected from the group consisting 25 



of nylons, polyamides, polyetheramides and blends 
of polyetheramides with other polyamide types of 
materials; 

means for manipulating the catheter into and through 
a body vessel to position the distal tip at a selected 
location within the body vessel; 

an inner tube which is an elongated tube having a 
proximal end and a distal end, the inner tube being 
substantially co-axially positioned within said cath- 
eter body, said thin-walled, flexible connecting 
tube, and said distal tip member; 

said distal end of the inner tube being secured to said 
distal tip member; and 

a passageway between the outer surface of said inner 
tube and the combined inner surfaces of said cathe- 
ter body, said thin-walled, flexible connecting tube, 
and said distal tip member. 

10. The medical device catheter in accordance with 
claim 9, wherein said given stiffness of the catheter 
body corresponds to a flexural modulus of at least about 
100,000 psi 

11. The medical device catheter in accordance with 
claim 9, wherein said distal tip member is an atraumatic 
catheter tip. 
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